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GROWTH  OF  CARBON  NANOFIBERS  ON  ELECTROLESS  Ni-P 
ALLOY  CATALYST 

T.K.  Tsai,  W.L.  Liu,  S.H.  Hsieh,  and  W.J.  Chen 

Department  of  Materials  Science  and  Engineering,  National  Huwei  Institute  of 
Technology,  Huwei,  Yunlin,  Taiwan  632,  Republic  of  China 

Abstrate 

Carbon  nanotubes  (CNTs)  were  grown  by  electroless  Ni-P  plated  on  silicon  substrate 
in  a microwave  heating  chemical  vapor  deposition  (CVD)  system  with  methane  gas  at 
700  °C.  The  CNTs  grown  on  Ni-P  catalyst  showed  random  orientation  and  small 
diameter  around  15-30  nm.  Field  emission  test  results  indicated  that  the  Ni-P 
catalyzed-CNTs  exhibited  excellent  field  emission  properties.  The  turn-on  field  was 
about  0.56  V/pm  with  an  emission  current  density  10  pA/cm2  and  the  threshold  field 
was  4.4  V/pm  with  an  emission  current  density  10  mA/cm2.  These  excellent  field 
emission  properties  may  be  attributed  to  the  random  orientation  and  small  diameter  of 
CNTs. 


1.  Introduction 

Since  the  discovery  of  carbon  nanotubes  (CNTs)  in  1991, 1 this  kind  of  carbon 
nanostructures  has  attracted  extensive  attention  and  study,  due  to  their  novel 
properties  and  potential  applications,  such  as  in  high-performing  nano-materials, 
nanoelectronics,  high-efficiency  energy  storage  and  cold  field  emitter.2  5 One  of  the 
most  potential  applications  of  CNTs  is  as  electron  emitter  for  flat  plane  displays. 
Because  CNTs  have  excellent  field  emission  properties,  i.e.,  good  emission  stability, 
long  emitter  lifetime  and  low  voltage  for  operating.  Therefore,  many  researchs  have 
been  done  on  the  fabrication  of  field  emission  display  (FED)  and  other  electronic 
devices. 

Several  synthesizing  methods  for  the  fabrication  of  CNTs  have  been  developed 
by  researchers,  such  as  arc  discharge,  laser  evaporation,  pyrolysis  of  hydrocarbon 
gases  and  plasma-enhanced  or  thermal  CVD.5'1  Among  these  methods,  the  CVD 
possessed  simple  process,  selective  growth,  high  purity,  high  yield  and  vertical 
alignment  characteristics.  Thus  CVD  was  widely  accepted  by  many  investigators.  In 
the  CVD  method,  the  transition  metal,  e.g.,  Ni,  Co,  Fe,  plays  an  important  and 
indispensable  role  for  the  growth  of  CNTs,  because  it  works  as  a catalyst  of  the  CNTs’ 
growth.  The  chemical  composition  and  nanoparticle  size  of  the  catalyst  determine  the 
structure,  property  and  diameter  of  the  CNTs.  Since  the  catalyst  nanopartieles  are 
essential  for  both  initial  nucleation  and  subsequent  growth  of  CNTs  in  CVD,  many 
investigations  have  been  developed  to  prepare  catalyst  nanoparticles.  The  techniques 
include  filling  metallic  catalyst  nanoparticle  in  nanoporous  or  mesoporous  zeolite,  11 
silicon5  and  anodic  alumina1*  by  evaporation  or  impregnation,  chemically  synthesized 
catalyst  metal  nanoparticle  by  reverse  micelle  method,13  and  etching  the  catalyst 
metal-coated  substrate  by  laser  ablation,8  plasma9  or  NH-j  treatment.  Choi  et  al,15 
deposited  Ni  using  rf  magnetron  sputtering  on  Si  substrate.  Sohn  et  al.16  deposited  Fe 
on  Si  (100)  substrate  by  pulse-laser  deposition.  Avigal  et  al.17  coated  Co  on  n-type  Si 
by  e-beam,  and  Kim  et  al.14  coated  Ni  using  electroplating  on  soda-lime  glass,  etc. 
However,  there  is  little  literature  mentioned  about  electroless  plating  Ni  deposited  on 
substrate  for  fabricating  CNTs.  Electroless  plating  technique  has  been  applied  for 
ohmic  contacts  with  silicon  in  semiconductor  devices  and  for  contact  filling  in  very 
large  scale  integrated  (VLSI)  18  for  several  years.  This  technique  is  a useful  process 
for  microelectronics,  because  it  is  simple  and  easy  to  manage. 

In  the  present  study,  we  have  deposited  Ni  as  catalyst  metal  on  the  silicon 
substrate  by  a low  cost  and  simple  method  — electroless  plating  technique.  The  CNTs 
with  excellent  field  emission  property  grown  on  electroless  plating  Ni  has  fabricated 
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successfully  by  using  a microwave  heat  CVD  system.  We  believe  the  cheap  and 
simple  process  of  growing  CNTs  has  potential  for  the  fabrication  of  flat  plane  displays 
and  other  electronic  devices. 

2.  Experimental 

A Ni— P thin  film  was  deposited  by  using  electroless  plating  technique  on  p— type 
(100)  silicon  wafer  (1—20  ohm  cm).  Prior  to  the  electroless  plating  process,  it  is 
necessary  to  pretreat  the  silicon  surface.  This  pretreatment  consisted  of  the  following 
four  steps;  (1)  degrease  cleaning  of  the  surface  using  a weak  base  solution  (aceton)  by 
ultrasonic;  (2)  roughening  the  surface  by  etching  in  an  acid  solution  of  HNOj,  HF  and 
deionized  (DI)  water;  (3)  sensitizing  in  a solution  of  SnCF  and  HC1;  and  (4) 
catalyzing  by  deposition  of  Pd  in  a solution  of  PdCF  and  HCI.  A rinse  with  DI  water 
was  carried  out  at  the  end  of  each  step.  The  plating  solution  was  composed  of  a 
mixture  of  NiS04,  NafFPO:,  Na2C4H404  and  PblNCbE;  where  NiS04  as  the  main 
nickel  source,  NaFFPCF  as  the  reducing  agent,  Na>C4H404  and  PWNOib  as  buffer  and 
complexing  agent  for  nickel.  Since  NaHiPOi  is  used  as  a reducer,  the  electroless 
plated  nickel  structures  always  incorporated  with  phosphorus.  The  composition  of 
plating  solution  and  experimental  condition  are  list  in  Table  I . 

A microwave  heating  CVD  system  has  been  utilized  for  growth  of  CNTs.  The 
electroless  Ni  deposited-silicon  substrate  was  placed  on  a ceramic  holder,  which  was 
heated  to  700  °C  by  controlling  the  microwave  power  and  CNTs  were  grown  on 
the  substrate  using  methane  gas  as  the  source  of  carbon  with  its  flow  rate  200  cc/min 
for  10  min.  The  CNTs  were  observed  by  field  emission  scanning  electron  microscope 
(FESEM).  Field  emission  was  measured  by  taking  voltage  - current  (V-  I)  curve  with 
Keithley  237  in  a vacuum  chamber. 

3.  Result  and  discussion 

Figure  1 is  a SEM  micrograph  showing  the  surface  morphology  of  CNTs  grown 
on  the  silicon  substrate.  The  SEM  image  shows  the  CNTs  are  not  vertically  aligned 
but  randomly  tangled.  The  diameter  of  the  most  CNTs  arc  15-30  nm.  only  few  CNTs 
around  60-80  nm.  This  result  is  consistent  with  the  previous  report  that  the  size  of  Ni 
nanoparticle  suitable  for  CNTs  growth  is  limited  to  around  20-30  nm.19  Figure  1 also 
illustrates  a large  amount  of  nanoparticles  at  tip  of  the  tubes.  Energy  dispersive  x-ray 
(EDX)  spectra  carried  out  during  FESEM  measurements  showed  that  the  nanoparticle 
consists  of  Ni,  P and  carbon.  This  phenomenon  may  be  indicated  the  nucleation  and 
growth  mechanism  have  correlation  with  the  process  conditions  and  the  morphology 
of  the  Ni— P nanoparticles  on  the  surface  of  substrate.  Although  many  nucleation  and 
growth  mechanisms  about  Ni  catalyst  for  CNTs  have  been  proposed.  20  “the  CNTs 
formation  mechanism  for  catalyst  by  electroless  plating  Ni  was  not  clear  yet.  Further 
studies  are  required  for  investigating  the  catalyst  effect  of  Ni— P alloy  for  CNTs. 

Field  emission  properties  were  measured  at  room  temperature  in  a vacuum 
chamber  with  a 10  6 torr  by  applying  voltages  up  to  1 100  V.  The  distance  between  the 
indium-tin  oxide  (ITO)  film  and  the  CNTs  tips  is  180  pm.  Figure  2 illustrates  the 
electron  emission  current  density  versus  electric  field  curve  of  the  CNTs.  The  turn-on 
field,  for  an  emission  current  density  of  10  pA/cm2,  is  0.56  V/pm.  The  threshold  field, 
for  an  emission  current  density  of  10  mA/cm2,  is  4.4  V/pm.  Bonard  et  al.23  has 
reviewed  emission  characteristics  of  carbon  nanotube;  the  lowest  turn-on  field  0.75 
V/pm  was  reported  by  Rao  and  co-workers.  Our  result  shows  the  CNTs  catalyzed  by 
Ni-P  alloy  have  very  good  field  emission  properties,  especially  the  extremely  low 
turn-on  field,  0.56  V/pm.  The  Fowler-Nordheim  equation  was  used  to  analyze  the 
field  emission  data  obtained  from  V-l  curve.  Figure  3 shows  the  corresponding  F-N 
plot  of  Figure  2.  The  plot  of  In  | I/V2  | versus  | 1/V  | is  approximately  straight  line, 
indicating  that  the  emitting  electrons  mainly  follow  field  emission  process. 

The  field  emission  characteristics  of  CNTs  are  determined  by  its  intrinsic 
structure,  chemical  properties,  aligned  density  and  orientation  of  the  tubes.  These 
excellent  field  emission  properties  of  Ni-P  catalyzed-CNTs  may  be  attributed  to  the 
random  orientation  and  small  diameter  of  CNTs.  As  Davydov  and  co-workers24 
pointed  out,  perfectly  aligned  carbon  nanotubes  were  less  efficient  field  emitters  and 
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had  lower  field  enhancement  than  chaotic  carbon  nanotubes,  Groning  and 
co-workers25  also  suggested  that  some  random  CNTs  exhibited  better  field  emission 
properties  than  aligned  CNTs.  These  results  are  good  evidence  to  our  supposition, 

4,  Conclusion 

We  have  grown  CNTs  on  Ni-P  catalyst  electroless  plated  on  silicon  substrate  in  a 
microwave  heating  CVD  system  with  methane  at  700  °C . The  CNTs  grown  on  Ni-P 
catalyst  shows  random  orientation  and  small  diameter  about  15-30  tun.  Field 
emission  results  indicated  the  Ni-P  catalyzed-CNTs  exhibits  excellent  field  emission 
properties,  the  tum-on  field  was  about  0.56  V/pm  with  an  emission  current  density  of 
10  p.A/cm2and  the  threshold  field  was  4.4  V/jxm  with  an  emission  current  density  of 
10  mA/em2.  These  excellent  field  emission  properties  may  be  attributed  to  the  random 
orientation  and  small  diameter  of  CNTs.  The  electroless  plating  technique  not  only 
provides  a cheap  and  easy  process  for  fabricating  CNTs,  but  also  promotes  the  field 
emission  property  of  CNTs.  The  electroless  plating  technique  for  CNTs  growth  has 
potential  for  the  fabrication  of  flat  plane  displays  and  the  other  electronic  device 
industries. 
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TABLE  I . The  composition  of  plating  solution  and  experimental  condition  for 
electroless  Ni-P  plating. 


Chemicals 

concentration  ( g/1 ) 

NiS04  • 611:0 

8 

NaH2P02  • H20 

27 

Na2C4H404  • 6H20 

16 

Pb(N03)2 

1 ppm 

PH  = 4.5 

Temperature  70°C 

Fig.  1 . FESEM  image  of  the  surface  morphology  of  CNTs.  The  CNTs  grown  on  Ni-P 
catalyst  shows  random  orientation  and  small  diameter  about  15-30  nm,  few  CNTs' 
diameter  is  around  60-80  nm.  There  is  a large  amount  of  nanoparticles  at  tip  of  the 
tubes. 
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Fig,  2,  Electron  emission  current  density  versus  electric  field  ( I-V  ) curve  of  CNTs, 
The  turn-on  field  was  about  0.56  V/prn  with  an  emission  current  density  10  |iA/em2 
and  the  threshold  field  was  4.4  V/pm  with  an  emission  current  density  10  mA/cnT. 


Fig.  3.  The  corresponding  F-N  plot  of  Figure  2.  The  plot  of  In  i 1/V2 1 versus  j 1/v  | is 
approximately  straight  line. 
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